Abstract-We significantly diminish the interference between the radiating elements for a miniature MIMO antenna system on the basis of composite right-and left-handed transmissionline(CRLH-TL). The element radiating structure has capacitively coupled parallel metal parts and slotted ground that correspond to the CRLH-TL to prohibit the volume from growing for an LTE high band. The metal line suspended over the radiating elements is optimally designed to drop the unwanted mutual coupling to -23 dB, as the entire MIMO antenna structure is small and it performs electrically useful. The test case is done for 2.5 GHz.
INTRODUCTION
There are numerous and various portable wireless communication gadgets nowadays. The telecommunication devices are being developed to meet the needs of those who should roam even cross the border that the antenna has to be compact for mountability, and show the proper performances conforming to the industrial standards. Most of the mobile antenna designs have adopted the planar inverted Fantenna(PIFA) and the modified monopole as in [1] . As every corner of a handset device is densely occupied by a lot of circuit blocks and the area assigned for the antenna becomes more and more tiny, the previously mentioned types of antennas are bumping the limit in miniaturization and ending up with degraded functions, because the condition of the resonance for radiation is the quarter-wavelength transmissionline with the short-termination. When we need to place more than one antenna to benefit the diversity in communication, two PIFAs or two monopoles are hard to put in a limited space, since even one antenna of these conventional kinds should be laid in most of the space, and close antennas will interfere with one another negatively [2] .
To enhance the quality of urban wireless communication, the area of the antenna diversity was introduced, and the multiinput multi-output(MIMO) technology has received attention. The MIMO system typically should have more than one antenna, which are required to be placed close to each other for the restriction on the platform size. Today, mobile handsets begin to have several antennas pursuing the LTE MIMO communication service. During the last few years, we have considered and come up with the design of mobile phones with the specific absorption rate(SAR) of the required level, and acceptable performance in return loss, antenna gain, antenna efficiency, and far-field pattern at the target frequency, which takes an overwhelming amount of work. Besides, as we want to have an increasing number of antennas for the MIMO system, the design of the antennas taking into account the SAR reduction becomes much harder, because of the mutual coupling between neighbouring objects. To tackle the problem, we definitely need the radiating elements smaller than the commonly used PIFAs and loaded or bent monopoles. As a scheme to reduce the volume of an antenna, compact resonant geometries should be designed by employing metamaterial CRLH-TLs [3] [4] [5] . Though C. Caloz et al presented the concept of a CRLH-TL unit cell extended to almost an infinitely periodic structure with the zero-phase varying resonance as shown in [3] , S. Kahng et al proposed really small zeroth-order resonant(ZOR) MIMO antennas which are smaller than 2/3 times one typical PIFA, obviously given in [4] . The CRLH-TL-based elemental radiator has that a smaller antenna can diminish the SAR, while the antenna performances satisfactorily.
In this paper, the interference between small CRLH-TLbased MIMO antennas diminishes by a large margin. The radiating element consists of the broadside-capacitive coupling as well as slot coupling, and turns out small, compared to the PIFAs for 2.5 GHz as an LTE high band. The meandered suspended-line connecting the two radiating elements is optimized to reduce the interference between them down to -23 dB, while the overall MIMO antenna system is compact and its antenna performance is acceptable.
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MINIATURE MIMO ANTENNAS WITH DECREASED INTERFERENCE There are a number of compact antenna structures that are appropriate for closely placed radiating elements for a MIMO system. A PIFA can hardly be used as is, and it undergoes meandering, adding stubs, and loading lumped elements to be fit into an assigned space. Simply meandering a resonant path can degrade the electromagnetic radiation by causing destructive interference due to the opposite direction currents along the edges of the neighbouring segments, though it is helpful to push the resonance frequency downward. This may happen to a structure with multiple stubs attached to a main current path. In practice, lumped elements such as chip inductors and chip capacitors are loaded to increase the wavelength, and they usually result in the decrement in the antenna gain due to the parasitic effect like the ESR, etc. Apart from the conventional techniques for size-reduction, a structure is designed inspired by the CRLH-TL that basically has core circuit-elements, in other words, series inductance and capacitance, and shunt inductance and capacitance. These circuit elements for one such antenna can be realized by the broadside-capacitive coupling for the shunt capacitance near the feed-line and series capacitance near the return current path on the metal ground in a handset antenna, while the shunt inductance mainly comes from the slot coupling and the series inductance results from the conduction current along the main and return current paths of the entire structure, as given in [5] . This antenna is flat and mountable on the handset device. However, if two from this kind of structure are placed on the main side of a MIMO system, it will highly likely have poor electrical and electromagnetic performances due to strong interference between the two radiating elements. Therefore, this paper deals with the design of the MIMO antennas having very weak correlation between the two CRLH-TL-based radiating geometries. First, the unit structure is shown with its CRLH circuit configuration. The elements of the circuit in Fig. 1(a) can be mapped to the blocks in the top-view of the single antenna. The parallel plates as the broadside coupling play the role of C R1 and C R2 as shown in Fig. 1(b) . Considering the flow of the conduction current from the feed-line through the return current path, on the metal ground, the stitch between CR1 and CR2 and the rim of the slot will act as LR and LL. The broadside coupling between CR2 and LL works as CL. Manipulating the geometrical parameters in Fig. 1(b) for CR1, CR2 , LR, LL, and CL to have the resonance at 2.5 GHz, this single antenna comes to have the following frequency responses. Fig. 1(b) is enlarged in Fig. 2(a) as the entire structure of this antenna. The top and bottom are printed on the 0.6 mmthick FR4 substrate. In Fig. 2(b) , the resonance occurs at 2.5 GHz with |S 11 | -17 dB, as aimed. At this frequency, an omnidirectional far-field pattern is obtained in Fig. 2(c) with the efficiency of 61% and the gain of 1.6 dBi. This has been all about a single CRLH-TL antenna, and is applied to a multiple antenna system. The single antenna and its replica are placed closely in a symmetric manner for the MIMO case. The two radiating elements are 15 mm away in Fig. 3(a) , and this put them in the area of interference. As a result, they interfere with |S 21 | >-10 dB as a poor isolation in Fig. 3(b) . To improve the isolation, the suspended line with two 5 mm*4 mm sized U-shapes with the distance of 3 mm between the two antennas is used as in Fig. 3(c) , and the suppression of the interference is improved by 15 dB in Fig 3(d) . Almost unchanged beam-pattern is achieved in Fig. 3(e) with the efficiency of 54% and the gain of 0.52 dBi. The properties of the MIMO antenna with enhanced isolation can be summarized as this table. III. CONCLUSION This paper presented an efficient technique to decrease the interference in small MIMO antennas having two identical CRLH-TL-based radiating elements. The small radiating elements for an LTE high band were realized in the form of the broadside-capacitive coupling and slots to mimic the CRLH-TL. The suspended line bridging the two radiating elements was optimized to lower the interference between them down to -23 dB, while the overall MIMO antenna system is compact and its antenna performance is acceptable
